In contemporary microneurosurgery reducing retraction-induced injury to the brain is essential. Self-retaining retractor systems are commonly used to improve visualization and decrease the repetitive microtrauma, but sometimes self-retaining retractor systems can be cumbersome and the force applied can cause focal ischemia or contusions. This may increase the morbidity and mortality. Here, we describe a technique of retraction using 10-0 sutures in the arachnoid. OBJECTIVE: To evaluate the imaging and clinical results in patients where 10-0 suture retraction was used to aid the surgical procedure. METHODS: Adjacent cortex was retracted by placing 10-0 nylon suture in the arachnoid of the bank or banks of the sulcus. The suture was secured to the adjacent dural edge by using aneurysm clips, allowing for easy adjustability of the amount of retraction. We retrospectively analyzed the neurological outcome, signal changes in postoperative imaging, and ease of performing surgery in 31 patients with various intracranial lesions including intracranial aneurysms, intra-and extra-axial tumors, and cerebral ischemia requiring arterial bypass. RESULTS: Clinically, there were no injuries, vascular events, or neurological deficits referable to the relevant cortex. Postoperative imaging did not show changes consistent with ischemia or contusion due to the retraction. This technique improved the visualization and illumination of the surgical field in all cases. CONCLUSION: Retraction of the arachnoid can be used safely in cases where trans-sulcal dissection is required. This technique may improve initial visualization and decrease the need for dynamic or static retraction.
P
ioneers of neurosurgery introduced selfretaining retractor systems (SRRS) to improve visualization and increase the illumination of the surgical field.
1,2 Multiple studies were done to evaluate the safety and usability of these systems. 1, 3 Several studies have shown that SRRS can be cumbersome and the force applied to neural tissues can cause focal ischemia or contusions, which may result in an increase in the morbidity and mortality. [2] [3] [4] The incidence of contusion and/or infarction due to retraction has been reported to be as ABBREVIATIONS: CPP, cerebral perfusion pressure; IRB, institutional review board; SRRS, self-retaining retractor systems; SRT, suture retraction Supplemental digital content is available for this article at www.operativeneurosurgery-online.com.
high as 10% for cranial base surgery and 5% in intracranial aneurysm surgery. 4 After recognition of the pressure-induced injury, some authors attempted to solve this problem by introducing variable retractor systems. Some of these systems were cumbersome while others obstructed the surgical field and lacked the ability to distribute pressure evenly. [5] [6] [7] [8] [9] [10] Here, we present a new retraction technique, 10-0 suture retraction (SRT), which minimizes pressure over the neural tissues by using the natural planes and arachnoid membrane.
METHODS
This is a retrospective review of the patients with various types of intracranial lesions including intra-and extra-axial tumors, intracranial aneurysms and large vessel occlusions requiring arterial bypass. The neurological outcome, postoperative imaging, and usefulness of performing this technique were analyzed. Thirty-one patients were included in this study. Seventeen patients had intra-axial tumors, 3 had extra-axial tumors, 6 had cavernomas, 4 had intracranial aneurysms, and 1 had a large vessel occlusion requiring arterial bypass. Table demonstrates the details of the patient demographics. Somatosensory evoked potentials and motor evoked potentials were used in 11 patients. Awake craniotomy and intraoperative monitoring were used in 6 patients. In all vascular cases, indocyanine green video angiography was used to evaluate intended procedure as well as vasculature near 10-0 SRT applied. The median follow-up was 120 d, ranging from 4 d to 35 mo. Institutional review board (IRB) committee approval was obtained for this study. Informed consent was obtained from all patients per institution protocol.
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VOLUME
Technique
The arachnoid is used to retract the cortical surface after identification of the sulcus suitable for use as a surgical corridor. The arachnoid is retracted with 10-0 nylon sutures on a nontraumatic needle after achieving adequate arachnoid dissection. Sutures were then secured to dura mater by applying small permanent aneurysm clips. As the dissection planes get deeper and more dissection is performed, the amount of retraction was adjusted as necessary when temporary clips were used in some cases.
RESULTS
This technique has been initially used by the senior author (MKB) and then another neurosurgeon (ASA) in 31 total cases of intracranial microsurgery. There were no postoperative complications referable to retraction injury. There was no incident such as arterial-venous puncture with 10-0 needle or avulsion injury. Postoperative imaging studies did not show retraction-induced injury, contusions, increased edema, or hematoma. In all patients, the retraction technique allowed sufficient visualization to achieve the surgical goals such as maximal safe resection of a tumor, gross total resection of vascular malformations, completion of the arterial bypass, or complete clip reconstruction of an aneurysm.
DISCUSSION
Retraction is indispensable for the surgical treatment of deeply seated lesions. Initially, hand-held devices were used but have mostly vanished due to difficulty maintaining consistent and atraumatic retraction for prolonged periods of time. In 1968, Yasargil introduced the "Leyla retraction system" which utilizes ball-and socket-type joints and gives the required stability while making adjustments relatively easy. 2 The Leyla retractor revolutionized the field by decreasing the need for an assistant to provide retraction and by improving visualization, but it is not without expense; at times the bulk of the retractor blades blocked the surgical field and obliged readjustment that increases the amount of pressure to underlying tissues. In 1972, Donaghy et al 11 measured the pressure underneath the retractor blades via a monitor embedded in the silastic coating. Pressure monitor was placed underneath the retractor. This was the first recognition of possible retraction-related injury. 11 The incidence of contusion and/or infarction due to retraction is reported to be 10% for cranial base surgery and 5% for intracranial aneurysm surgery. 4 In a study to understand the amount of pressure applied to neural tissues, Rosenørn 3 documented that the pressure is higher at the tip of the retractor blades than at the center. Later on, it was reported that ischemia and surrounding hyperperfusion induced by retraction arises at 10 mmHg of retraction pressure, and histological damage occurs at 50 mmHg. Moreover, the authors reported that the regional Cerebral perfusion pressure (CPP) should not be lower than 10 mmHg for more than 6 to 8 min to avoid permanent injury. 12 Neurosurgeons have tried to overcome the problem of retraction-related injury in different ways. Yokoh et al 13 favored intermittent retraction to decrease pressure-induced injury. Induced hypotension with sodium nitroprusside and the administration of mannitol failed to influence the pressure beneath the retractor blades. 3 Some authors suggested retractors that have the shape of a spoon, while others suggested using a Fogarty balloon for retraction. 5, 7 Cotton balls have also been used by many surgeons to maintain gentle retraction during sulcal dissection. 9 Some authors proposed the use of tubular retractor systems for deep-seated lesions is superior to conventional retractors. It has been claimed that tubular retractors dissect and push away the fiber tracts rather than traversing them. 14 In these systems, the retractors are placed transcortically, which is different than all of the other retraction methods. Improving visualization and decreasing retraction-induced injury have been longstanding challenges for neurosurgeons.
The arachnoid membrane is attached to the pia mater with the web-like projections called arachnoid trabeculae. Arachnoid trabeculae also surround vessels circumferentially. Key and Retzius 15 described different fiber organizations of the arachnoid membrane in great detail. The thickness of the arachnoid membrane varies. It is thicker over the sulci compared to gyri and is thickest over the lateral sulcus (sylvian fissure) and posteriorly over the cerebellomedullary fissure. Retraction of the arachnoid membrane causes retraction of the pia mater, which consecutively causes retraction of the adjacent cortex and vessels via arachnoid trabeculae.
The dentate ligament can be used to retract the spinal cord to reach anteriorly located lesions. Similarly, retracting the arachnoid over the Sylvian fissure and cerebellomedullary fissure with 4-0 silk sutures was described by Singh et al. 16 The senior author (MKB) applied the principles of the above-mentioned techniques to cranial microneurosurgery with some refinements. After passing the 10-0 suture through the arachnoid of the sulcus to be retracted, the suture is secured to an adjacent dural edge. In the process of developing this technique, 3 different techniques were tried to secure the sutures: tying a knot, using metal weck clips, or permanent aneurysm clips. As the sulcal dissection progresses, the need for adjusting the retraction emerges, and the use of temporary aneurysm clips was found to be superior to tying knots or using weck clips because of easy readjustability. Also, after getting deep in the sulcus or fissure, the region of interest becomes shallower, which eventually eliminates the need for retraction in the advanced stages of dissection. Later, safety and efficacy of this technique was confirmed by the other neurosurgeon (ASA) using the same principles in several cases. There are many surgical scenarios in which this technique can be useful. Video, Supplemental Digital Content 1, demonstrates a case of a meningioma abutting a large cortical vein. Use of traditional retractors over venous structures may cause thrombosis, but in this case, the arachnoid was retracted by 10-0 suture, which helped in creating a safe surgical corridor by pulling the vein away from the surgical field. Furthermore, in cases where an arterial bypass is required, and a suitable recipient vessel is not initially available at the cortical surface, a sulcus can be opened and tissues are retracted by 10-0 suture to give the necessary exposure. Using traditional retractors in this scenario will block the view and limit the freedom of hand movements of the surgeon during microvascular anastomosis. Key benefits of arachnoid retraction over traditional selfretaining retractors include decreasing the pressure in 1 particular location by distributing the force of retraction via arachnoid trabeculae, allowing optimal visualization without blockage of illumination, minimizing repetitive microtrauma and ease of adjustability. Arachnoid trabecula distributes the force, applied by 10-0 SRT, equally to a wide cortical surface through pia. Most retraction techniques apply force at 1 point, with the exception of tubular retractors, with which a more circular force is applied. The difference between tubular retractors and our technique is that tubular retractors disrupt the cerebral cortex.
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SRRS can cause cerebral contusions. Video, Supplemental Digital Content 2, demonstrates a case of an intra-axial tumor (grade III astrocytoma) adjacent to the eloquent cortex for which an awake craniotomy was performed, and the regions positive for speech arrest were mapped. This is the index case in which the senior author (MKB) used this technique for the first time. For retracting the cortex involved with speech, 10-0 SRT was used, whereas for the cortex negative for speech traditional self-retaining retractors were used. The intraoperative images (Figure) clearly demonstrate the difference in cortical injury in the gyrus that was retracted by a conventional retractor vs the gyrus retracted using 10-0 SRT. Video, Supplemental Digital Content 3, shows the use of 10-0 SRT technique in a case of a grade III astrocytoma. The epicenter of the tumor is located in the inferior frontal lobe. Ten-0 SRT technique aided the retraction of the temporal lobe away from the Sylvian fissure and the resection cavity. Even though we used this technique in a variety of cases, it is very helpful, especially during sulcal dissection. For this reason, a majority of the cases in which this technique is used are deepseated tumors and cavernomas where sulcal dissection is needed.
Limitations
There are limitations to this technique. The thickness of the arachnoid membrane may be insufficient and may make retraction impossible or in some cases, the amount of the retraction may be insufficient to achieve the goals of the surgery. Another limitation is that it requires microsurgical proficiency, and it depends totally on the operator's skills. In inexperienced hands, vascular and/or neural tissue injury is also possible while inserting the 10-0 needle. At times, arachnoid membrane may be weak and tear. We experienced tears in arachnoid membrane after the placement of SRT in 4 cases. In these cases, the SRT was repositioned into adjacent healthy arachnoid.
CONCLUSION
In our experience, no retraction-related complications were observed while using the 10-0 SRT technique. This is a safe technique that would be a useful addition to the armamentarium of any neurosurgeon. In all cases, the 10-0 SRT improved visualization, especially in deep-seated lesions requiring intrasulcal dissection.
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